DISCUSSION ON THE TREATMENT OF INTRACTABLE PAIN
Dr. W. Ritchie Russell (Oxford):
Though the importance of the posterior nerve roots for the conduction of sensation was demonstrated by Charles Bell early in the last century, it is easy to forget that little more than half a century has passed since the neuron theory of the structure of the central nervous system became widely accepted.
In recent decades the increased knowledge of the physiological, anatomical and chemical responses of neurons has necessitated a reappraisal of the clinical approach to pain, and this symposium will, I hope, provide some clarification of the subject.
There is little time to consider drugs, but in recent years the value of tranquillizers to relieve apprehension and of amphetamine or Ritalin to relieve depression has added considerably to the methods available to counter the personal reaction to pain which so often needs treatment If we put aside for the time being the question of drug treatment, we can approach the problem of intractable pain simply with the idea of blocking conduction to the C.N.S. by dividing peripheral nerves, or tracts in the spinal cord or brain-stem, and if this is not successful, with destruction of the prefrontal lobes. This approach is at first sight quite straightforward and rational, but modern knowledge of C.N.S. activity suggests many alternatives.
In the first place it should be emphasized that the amount of distress caused by intractable pain is a personal matter, and indeed seems to be an acquired characteristic of the individual. This characteristic is probably determined by the attitude of the parents in infancy to painful episodes, from which we might conclude that all patients who suffer much as a result of pain have been badly brought up from this point of view.
However true this may be, it does not help our problem very much except in so far as emotional thoughts, say of fear in relation to the pain, lower pain thresholds still further. This facilitation of pain mechanisms by feeling responses can be thought of nowadays as a straightforward physiological mechanism NOVEMBER (Russell, 1959) , and from the practical aspect we may generally assume that those who most often complain of pain have an undue emotional reaction to their symptoms. The patient with intractable pain seems to have all levels of his nervous system facilitating his misery. The remarkable changes in central mechanisms are illustrated by the fact that stimulation of the sensory cortex in the appropriate area will reproduce intractable pains, say of the amputee, in the same way that they will reproduce focal epilepsy-another situation in which central thresholds have become grossly abnormal.
In intractable pain, however, all levels may contribute to the syndrome, and the handling of such a case becomes almost a battle between the C.N.S. of the patient and of his doctor.
Certainly the influence of feeling responses on thresholds is so important that the physician or surgeon is well advised to adopt a thoroughly confident attitude to the problem of relieving pain somehow or other, and I am convinced that special clinics are needed for these patients so that thresholds may be treated at all levels of the C.N.S. at the same time, and this of course includes what some will call the psychological level. These patients benefit greatly from the confidence provided by a well-conducted clinic. We have established a small once-weekly outpatient clinic of this kind and are able to handle about 100 new patients a year.
The study of peripheral thresholds is handicapped by large gaps in knowledge regarding the physicochemical processes concerned with the origin of a neuronal impulse which is interpreted as pain. For our present purpose it is not necessary to stray far into this difficult field, but it should be pointed out that we are still inclined to preserve some ideas about pain which require revision.
Thus there is still a widespread assumption that pressure on a nerve or nerve root provides an adequate explanation for the cause of many chronic pains. This is generally given as a cause of pain in disc protrusions causing sciatica or brachial neuropathy, but in fact, simple pressure on a peripheral nerve usually leads to a loss of conduction without causing any pain, so there is often much doubt as to which are the tissues in relationship to which pain originates in these cases. It may raise thresholds at the periphery and so reduce the afferents reaching the C.N.S., or it may introduce a competing system of afferents which interfere physiologically with the noxious afferents. The scientific study of the second of these alternatives has received insufficient attention in the clinic, but is already being used by the physiologist to block conduction of one speed of fibre in order to study another speed.
On the other hand we have found that deliberate attempts to raise peripheral thresholds are most advantageous and successful in many chronic painful states. Thus in post-herpetic or the amputee's pain the following methods are often effective:
(1) Vigorous exercise to the painful area with repeated massage and firm bandaging of amputation stumps.
(2) Repeated procaine injections of hyperesthetic areas. (3) Frequent percussion of sensitive areas, with mallet and applicator, for tender neuromata (Fig. 1) , or with electrical massager to sensitive skin (Fig. 2) be directed successfully to an area which is far peripheral to the site of the main pathology. However, we shall never get far in the study of chronic pain-without considering the problem of central thresholds. In the first place it should be pointed out that modem views on physiology picture a continual bombardment of the C.N.S. by sensory impulses of all kinds. Thus the muscle spindles are probably never silent for long and it is possible that in cases of causalgia there is faulty regeneration of sensory fibres into peripheral muscular mechanisms which then discharge to the C.N.S. up pain pathways with every movement of joint or muscle.
We are all familiar with painful flexion spasms in cases of spastic paraplegia. We (Platt et al., 1958) have recently found that the operation of transposing the hamstring tendon to the back of the femur has a remarkable effect in inhibiting these spasms and has proved to be an important advance in the treatment of this distressing condition. This principle of reversing the function of a muscle group seems to be an important one in this situation.
In relation to amputations I think that more attention should be given to there being as little denervated tissue as possible in the stump. Sprouting nerve fibres cannot branch far into tissue which is already fully innervated. Thus I am told that in old people amputations through the knee-joints has a very low incidence of tender stumps and phantom limbs (Cohen, 1959) , and these must have very little denervated tissue.
Dr. Nathan's work has shown the complexity of the anatomical problem for he has studied cases of spinothalamic tractotomy in which a stimulus applied to the analgesic limb is felt at the segmental level of the surgical lesion. Clearly there must be a great deal of central spread from one level of the spinal cord to another, and we are all familiar with the patient whose pain spreads widely-far beyond the segments directly involved. These patients are often over-anxious and obsessed with their symptoms, but it is foolish just to label them as "functional", for their unfortunate emotional reaction provides perhaps the most powerful physiological stimulus there is for increasing the appreciation, that is to say a lowering of the thresholds, to peripheral sensations.
Thus the importance of the individual's general reaction to pain inevitably plays a part in every case. There is no sense in saying that one pain is functional and one organic, for unless the patient is inventing his story, all pains are both physiologically determined and functionally graded according to a wide variety of personal factors.
When it comes to treatment, however, there is little chance of changing the patient's longestablished personal reactions-short of mutilating operations on the frontal lobe system. Confidence inspired by the pain clinic approach, however, will in itself do a lot from this point of view, and it is here also that drugs may be effective. It is to be hoped that when we understand more fully the nature of sensory synaptic transmission in the C.N.S. it may then become possible to interfere more directly with the central sensory thresholds. However, I should like to emphasize as strongly as possible that whatever the emotional or functional state of the patient suffering from chronic pain, in nearly all instances aggravating afferents are coming from the area to which the pain is referred and every effort should be made to interfere with this afferent bombardment, for if the peripheral state is corrected the central thresholds will often subside to a more normal level.
Thus the patient who is demoralized by a painful phantom limb will still get great benefit if the discharging neuromata are inactivated. The assessment of the part played by the periphery in provoking the pain can, and should, be assessed by systematically blocking the various parts and levels of the somatic and sympathetic nerves involved: this is an essential part of the investigation and may need a spinal anesthetic for its completion. A study of the temporary effect of any such procedure is of the greatest importance in deciding future action. There is no doubt also that intrathecal injections, if used with skill, have an important part to play in intractable pain. I certainly have used intrathecal alcohol for thirty years (Russell, 1936) and am often surprised at the way in which the pain of malignant disease may be relieved for many weeks or months without there being any demonstrable loss of sensation.
Here it should be mentioned that Xylocaine injections given in an anatomical area concerned in some way with a chronic pain sometimes have an effect which far outlasts what would be expected, and it seems in some instances that the local block has an effect in breaking a vicious cycle. Thus local anmsthesia may have a curative as well as a diagnostic value, and of course it may be repeated two or three times a week for long periods should this be helpful. Thus we have found in cases of coccydynia that caudal anesthesia gives relief which on a few repetitions may give many months of freedom from pain.
Another interesting approach to chronic pain (Fig. 3) is to aggravate central thresholds by injecting into the interspinous ligaments or paravertebral muscles (Whitty and Willison, 1958) an irritating solution of saline (O 5 ml. of 6 %). Thus in the painful arm or scalp neuropathies associated with cervical spondylosis this may temporarily reproduce the arm or head pain complained of, and if Xylocaine is then added to the injection the pain disappears. This procedure is of great diagnostic value, and we use it to study cases of chronic head or face pain: it is also sometimes followed by prolonged relief of pain though the mode of action is then also somewhat mysterious. Injections which reproduce and remove a pain do, of course, have a great psychological effect, and this should be fully exploited by the medical and nursing staff for the patient's benefit. I am putting forward more problems than answers in this difficult field, but I should like to ask for further consideration of the possibility of introducing an afferent bombardment to the nervous system which will compete for attention with the local painful process. Maximal physical activity is perhaps a good example for this has a remarkable effect in raising pain thresholds. It is of course possible that many of the methods used in physiotherapy for relieving the pain of say arthritis are due to a mechanism of this type. Pain has a dual significance: (1) a localized, physical sensation of a particular and recognizable quality, (2) an experience that is emotionally distressful. The latter is much the more important from the patient's point of view.
Pain is variously induced by appropriate stimulation of the sensory end-organs of the skin, deeper tissues, viscera (including blood vessels)-physiological; or by pathological lesions on the afferent conduction system from the body-at any site on the pathway from peripheral nerves to thalamic level. So induced the stimuli reach "consciousness". Consciousness-that state of awareness-is believed to be sustained basically at the diencephalon, and as regards its emotional aspects in the archipallium around it, and as regards more detailed discrimination in the more distant neopallium. Consciousness of pain is probably similarly disposed. Thanks to these arrangements it is possible-by means of leucotomy-to decrease the emotional or affective appreciation of pain as contrasted with its physical perception. Unfortunately the operation alters the affective state of the patient on a wider front than pain distress alone, rendering the person more superficial emotionally, a state characterized by apathy, poverty of judgment and lack of initiative. Its use is therefore limited to patients in whom these disadvantages can be reasonably accepted in exchange for mitigation of pain, for example, distressful cancer cases or aged obsessionals. The technical procedure will probably be improved upon by more limited and strategically placed fibre interruptions by stereotaxic techniques; but at present only an inter-ruption extensive enough to produce the disadvantages mentioned is effective for pain distress.
Let us approach the problem from the periphery. We wish to prevent the intractable pain impulses from reaching consciousness. We may interrupt the pathways up which the impulses travel.
We shall usually avoid section of peripheral nerves for three reasons: (1) Nerve fibres regenerate at this level so that the effect is temporary. (2) Most nerves carry both motor and sensory fibres and the sacrifice of the former is undesirable. (3) Unpleasant dyssesthesix result during the later stages of regeneration, which may be more disagreeable than the original pain.
We may interrupt the afferent pathways alone at posterior root level-posterior rhizotomy. At this level motor fibres are not involved and regeneration does not take place. However, all afferent impulses from the territory of that root are blocked. This may be disadvantageous in the limb supplies from loss of proprioception and touch, rendering the limb useless; and from increased liability to ulceration from loss of the local neural inflammatory reflex-the trophic effect. Further sensory integration in the spinal cord is so affected by such total loss of afferent impulses that an unpleasant impression is conveyed to consciousness-varying from a positive sense of numbness to various superimposed paresthesix of swelling-of tensionsometimes actually described as pain. In general, therefore, posterior rhizotomies are to be avoided; though, for anatomical reasons, we are obliged to employ this procedure in dealing with the sensory cranial nerves and the upper four cervical nerves.
Before leaving rhizotomy, however, I should mention the therapeutic value of Maher's localized intrathecal injection of anhydrous phenol in Myodil. This can be accurately localized to affect the desired posterior roots and is especially valuable in treating pain due to implication of spinal nerves by malignant disease. It acts by effecting a quantitative reduction of the conducting fibres in the affected posterior root. This reduction of afferents does not produce a loss of sensibility appreciable to clinical tests, yet it does abolish spontaneous pain of moderate severity. It is insufficient to abolish very severe pain-especially when many roots are involved in its conduction. There is usually some recovery of fibres after three to six months. It can be repeated effectively. The measure has none of the disadvantages of complete surgical rhizotomy.
The effect appears to be a quantitative one on all types of fibres and supports the idea that pain conduction at this level is a quantitative rather than a separate, specific function.
Vastly superior in effect and in avoidance of unpleasant side-effects is the operation of cordotomy-anterolateral tractotomy. This permanently severs the specific pain and temperature impulse conducting tract at a level above spinal sensory integration and dissociation into specific functional tracts. There is no sense of unpleasant numbness. At most there is a mild paresthesia of pleasant warmth. Otherwise the patient is unaware of any abnormality of sensation, except under test conditions when he appreciates that he cannot feel pain or temperature in the affected zone. The usefulness of arm or leg is unimpaired and there is no "trophic" liability. This, then, is the operation of choice for most intractable pains arising in the body from C.5 downwards. Sensory integration and dissociation into sufficiently defined tracts occupies at least five segments in the thoracic region and the section must therefore be at least so far above the desired analgesic level. Those functions are more compressed in the cervical cord and the tract section must be at least three segments above the desired level. It may be noted that analgesia is never absolutea strong painful electric stimulus will still cause pain in the analgesic area. It is not enough, for practical purposes, to produce a hypalgesia for pin-prick only. Severe intractable pains produce a stimulus much stronger than that. I am accustomed to test the desired degree of hypalgesia with a barbarous pincer applied to a fold of skin. When pain from that stimulus is abolished, this usually suffices for the abolition of the severest pains of intractable disease. It will be noted that this implies that the tract section is made with the patient conscious and able to co-operate.
With these precautions consistently satisfactory results can be achieved, and complications, such as interference with bladder control, can be avoided. Over the first few months after cordotomy there is a tendency for the level of analgesia to fall by two or three segments; and it is safer to make the level at the time of operation at least four or five segments higher than the source of pain. There is a tendency for the degree of hypalgesia to lessen over the years following cordotomy. If the initial degree was deep enough this rarely implies such recovery that spontaneous pain breaks through again. I have seen it do so, however, in a limited field, and have countered it by superadding a limited posterior rhizotomy.
At C. 1 and upwards the anatomy is complicated by the descending cranial sensory (trigeminal, intermedius, glossopharyngeal and vagus) input and its pain-conducting decussation diffusely within the brain-stem. Also about mid-medullary level the pain tract begins to pass fibres to the central reticular formation and does so progressively up to mid-brain level. At upper mid-brain level the specific spinothalamic tract has lost more than half its fibres. When one divides it here superficial pin-prick is lost over the contralateral body including the face; but deep, slow pain, presumably travelling via the central reticular formation to consciousness, is not abolished. Further, the interferenceperhaps imbalance-of sensory integration so ,engendered, results in positive and constant discomfort.
So we have leucotomy with its disadvantages above, and we have cordotomy with its advantages below-but only valid for analgesia up to C.4. Many of the pains arising above C.4 level can be dealt with by posterior rhizotomy with its disadvantages-including trigeminal and glossopharyngeal neuralgia and facial migrainous neuralgia and pain from malignant disease.
This leaves out of account those states that depend on painful stimuli arising centrally in the pain-conducting pathways within the brain-stem and up to thalamic level, and that are independent of afferent stimuli from the periphery. These pains of central origin have so far defied surgery, and can be only inadequately palliated by analgesics and philosophy. They are quite common, and of life-long duration. They cry out for effective treatment. One would suppose that they require interruption of the pain pathways about thalamic level or just above it. Available evidence suggests that at this level the slow, diffuse, dull pain that will become emotionally charged and intensely distressing as it reaches consciousness is already anatomically separated from the fast, localized, sharp pain pathway. The former, which we should most desire to diestroy, may also be too diffuse for convenient anatomical destruction. As you know, thalam--otomies are being effected by stereotaxic techniques and we may succeed in these aims; but I cannot say we have done so yet. It may well require more than one lesion at or near thalamic level to secure a cordotomy-like effect for these upper reaches of the neuraxis. We shall continue to search for this goal.
Time forbids that I should do more than mention the interruption of cardiac and other visceral sympathetic nerves for pain of visceral origin. Nor need I dwell on sympathectomy for causalgia and sympathetic dystrophies for here we are really treating a cause of pain-breaking a vicious circle of local reflexes that maintain the painful state.
Dr. P. W. Nathan (London):
Unilateral Cordotomy I propose to restrict my remarks to unilateral cordotomy. The reason for this is that in my opinion unilateral cordotomy is a good operation, whereas bilateral cordotomy, when performed for pelvic or lower abdominal pain, is an operation having certain inevitable complications; if it renders all pelvic structures analgesic it will destroy control of the bladder and the bowel. This may be the price that the patient has to pay to be relieved of pain. Unilateral cordotomy is an operation which may have no complications at all; and therefore it is a very good operation. This being so, I hope you will forgive me if I run through some elementary facts which are useful in guiding one when to carry out a unilateral rather than a bilateral cordotomy. All these remarks apply only to the intractable pain of cancer.
Indications for unilateral cordotomy.-In considering the unilateral operation, we have to think how far and how fast the growth is spreading, what is the general condition of the patient and whether he will die before the growth spreads to the other side.
When the growth is in the pelvis useful information may be obtained from a descending pyelogram; for not only does it tell us something of renal function, but it may also tell us if one or both ureters are blocked. The neurological signs are useful; ascertaining if the peripheral nerves, the nerve trunks or the roots are involved provides information about the location of the growth.
Above the pelvis, pelvic carcinomata commonly spread to involve the aortic and the para-aortic glands. Here the psoas muscle and the first, second, third and fourth lumbar nerves running within it may be involved. When these are the tissues involved by the growth, it may be reasonable to do a unilateral cordotomy. Involvement of the back muscles, a painful condition, may be satisfactorily dealt with by the unilateral operation. If the growth involves an abdominal viscus, such as the pancreas, stomach or duodenum, I think one has to do a bilateral cordotomy. If it involves a mid-line structure which is still present, such as the rectum or prostate, the operation has to be bilateral. But by the time the neurosurgeon sees the patient, the organ in which the growth originated has usually been removed; in this case, the operation does not need to be bilateral. The growth may spread entirely unilaterally with the pain remaining unilateral; in such a case it may be satisfactory to do a unilateral cordotomy.
When the growth involves the vertebra, it does not necessarily mean that the operation has to be bilateral. If it involves the bodies, I think it does have to be bilateral; that is, it has to be bilateral if one is going to do a cordotomy at all. For by the time the body is involved, collapse will soon follow; and unless one strives to keep the patient alive he will soon die after this has occurred. If the pedicles or the transverse processes of the vertebree are involved it is difficult to decide whether the operation should be unilateral or bilateral; it may be possible to do the unilateral operation, the patient dying before the growth spreads to the other side. When the secondaries involve the heads of the ribs and the region of articulation of the ribs with the vertebrn, a common place for secondaries, a unilateral cordotomy may be satisfactory. If the growth involves the ribs further laterally, obviously a unilateral operation suffices.
In After unilateral cordotomy, painful stimuli applied within the analgesic zone may be felt in an analogous part of the body on the opposite? side; this is illustrated in Fig. 1 . In Fig. 2 is illustrated a common state. After the unilateral cordotomy, the stimuli applied within the analgesic area are felt on the opposite normally innervated side but in a region opposite to that where the pain was present before theoperation. The possible mechanism of this. reference of sensation I have discussed elsewhere (Nathan, 1956 ). The pain felt on the opposite side to the original pain tends to be similar in character, but it may not be exactly the same; it tends to have the character of deep pain, of an aching type. It is always less severe than the original pain, but it may be severe enough to need a second cordotomy. Whether the stimulus applied to the analgesic side is one of pain, hot or cold, of distension of the bladder or rectum, the7 sensation felt on the normally innervated side is. one of pain. In some cases all the sensations are referred to one constant area. Such an area may have been tender before the cordotomy or it may not have been in any way abnormal. We have found in most cases no cause for this choice of area to which sensation is referred; nothing abnormal was found post mortem and no histological abnormalities have been found in that segment of the cord. The fact that a second cordotomy removes the pain and the reference of sensation seems to indicate that this mechanism is a spinal one, and not thalamic.
When I originally wrote about this, I wrote that only those stimuli that set up impulses in the spinothalamic tract cause this reference of -sensation in cases with division of the spinothalamic tract. Since that time, I have seen one patient in whom this was not so; this patient -himself found that the sensation of stroking or pressing on his analgesic thigh was felt on the opposite thigh; in his case all stimuli applied to the analgesic region evoked referred sensations. FIG. 2.-Stimuli applied within the analgesic zone are felt at a place on the normally innervated side of the body corresponding to that which had been painful and tender before the unilateral cordotomy. The shaded line shows the limit of the analgesic zone and the stippled area is that where the pain and tenderness had been experienced before the operation.
I now think that in all cases of unilateral cordotomy when the pain is felt on the opposite side within fourteen days of the operation, this is due to this mechanism of reference of sensation. I do not believe that this pain was present before the cordotomy and not noticed by the patient.
Summary
I have tried to give the impression that in many cases of cancer it is better to do a unilateral than a bilateral cordotomy, for the unilateral operation may have no complications whatsoever. When there are complications, they may consist of weakness of the ipsilateral lower limb, an inability to start micturition lasting about fourteen days, severe constipation, rarely parnsthesim, and commonly a condition in which some pain is felt after the operation on the opposite side. 
